INTRODUCTION
The possibility of traversing Jupiter's distant magnetotail with Voyager 2 was first raised by Scarf [1979] and also by Grzedzielski et al. [1980] . Those predictions were confirmed by Scarf et al. [1981b] when a Jovian tail encounter at R = 6200 Rj was reported via measurements from the Voyager 2 plasma wave and plasma instruments. We now present the full set of observations of Jupiter's distant tail by the Voyager 2 plasma wave receiver and plasma science instrument as the spacecraft approached Saturn in late 1980 and early-to-mid 1981.
The primary signature of the distant Jovian magnetosphere or tail in the Voyager plasma wave data is nonthermal continuum radiation, which is generated within the Jovian magnetospheric cavity [Scarf et we began a search of the plasma wave data for additional events, and this is a summary of the results of that search. In addition, we have made extensive use of plasma observations to supplement our understanding of the regions we have identified as the extended Jovian magnetotail and wake. For one event we compare, in detail, the continuum radiation observations, the plasma density profile, and the magnetic field data, and we uncover some striking differences, which may lead to evidence of dynamical processes occurring in the tail that have profound effects on the gross structure of the tail. Details of the plasma wave and plasma (PLS) instrumentation can be found in Scarf and Gurnett [1977] and Bridge et al. [1977] , respectively. We have utilized analyses performed by the magnetometer team to increase our confidence in the identification of the continuum radiation events as tail signatures. Those magnetic field results are reported in Lepping et al. [1982] . Figure 1 shows an example of the signature of a distant Jovian tail encounter as seen in the Voyager 2 plasma wave data. The amplitude of the electric field in each of six spectrum analyzer channels is plotted as a function of time. The height of the solid black area for each channel is proportional to the log of the 48-min average electric field strength, with the range between two channels representing about 100 db. Figure 1 is characterized by a gradual increase in amplitude of radiation at 1.78 kHz coupled with a broadening in spectral width to lower frequencies. During day 144 there is an abrupt intensification and drop in the lowfrequency cutoff that lasts for about a day and forms the 'core' of the event. Over subsequent days the intensity decreases, and the lower-frequency cutoff of the continuum radiation returns to a few kilohertz. Note that the abrupt, step-level changes, particularly in the 311-Hz channel, are operational mode-dependent changes in the noise environment of the spacecraft and are not natural signatures in the plasma wave environment.
OBSERVATIONS OF THE DISTANT JOVIAN MAGNETOTAIL

The event in
We interpret the data in Figure 1 as continuum radiation trapped within a low-density region of the Jovian magneto- [1981b] at 3.11 kHz occur when the prime meridian is near 21 hours local time. This is possibly related to the main pulse, but the agreement is not as good as in the previous case. We caution the reader that the foregoing analysis is only preliminary and that we do not understand the periodicities in the continuum radiation at this time. We merely wish to demonstrate the connection between the temporal variations of the distant continuum radiation events and those observed close to Jupiter. Further analysis of the temporal variations near Jupiter are the subject of another study. In addition to providing the overall duration of continuum radiation events, Table 1 also lists corelike structures, as described in the examples shown in Figures 1 and 2 . A rather qualitative definition has been used in which well-defined extensions of the continuum spectrum to lower frequencies are considered to be cores. In general the cores have minimum densities at or below 1 x 10 -2 cm -3, although there are a few exceptions with somewhat greater minimum densities. The rather coarse frequency resolution available does not lend itself well to strict definition on the basis of minimum density alone. A more quantitative approach has been utilized in analyzing the plasma data, however, and that will be discussed below.
For each event the minimum frequency at which the continuum radiation was detected and the corresponding electrot, density, assuming the cutoff occurs at the channel's center frequency, is listed. Also tabulated are the :'adial distance for each event (or core structure) and the azimuthal angle •b. We caution the reader that the last three entries in Table 1 Table 1 that the events become more common, last longer, and extend to lower frequencies as the spacecraft passes through 4> = 180 ø. Table 1 was constructed with plasma wave observations of continuum radiation only, since it has been assumed that the trapped radiation is a reliable signature of the tail. We supplement the continuum radiation table with a compilation of plasma observations of similar events or structures in Table 2 in order to begin to understand the plasma environment during the continuum radiation observations. Table 2 is constructed in a manner similar to Table 1 to facilitate cross comparison of the two data sets. In fact, the event designation numbers allow individual events identified by both the plasma wave and plasma science instruments to be compared directly, that is, event 5 in both tables is concerned with the same general time interval, and so on.
The PLS table was background noise is ---0.005 cm -3 most of the time. Overall, the uncertainties are thought to be less than 50%. Table 2 lists three sets of time periods. For an event to qualify as a 'tail' event, the density was required to be less than 0.03 cm -3 for a minimum of 6 hours. The overall event duration was then listed for the interval during which the density remained below 0.05 cm -3. Core events were defined to be those time periods when the density fell below 0.01 cm -3. The table also indicates the minimum density and whether or not the event was characterized by continuum radiation.
Where plasma is observable, the ion spectra are always solar windlike, consistent with a magnetosheath interpretation. In several core regions, however, the signal all but disappears in the PLS instrument, and these events correlate well with taillike field orientations (R. P. Lepping, private communication, 1982) . These observations, then, are consistent with the picture obtained from the continuum radiation events that are characterized by deep core events (probable tail encounters) surrounded by moderately low density regions, herein referred to as wakes. Some of the events in Table 2 are highly structured, for example, events 15-17. These events show variability that is thought to be due to variations in either the solar wind ram pressure or solar wind directional changes or both. Tables 1 and 2 leads to some interesting and significant conclusions. First, the PLS intervals tend to be broader than the continuum radiation events. In part, this may be due to low continuum radiation intensities near the beginning and end of the events or, perhaps, to a reduction in the solar wind density, which is a precursor for the appearance of an expanding tail. Another explanation for a disparity between the event durations in Tables 1 and 2 If one ignores the periodic rarefractions in the second panel of Figure 4 , there is no apparent reason to expect the continuum radiation to disappear midway through the event. It is clear that lobelike magnetic fields accompany the lowdensity regions subsequent to day 72, and except for the lack of continuum radiation it is reasonable to call these regions taillike. We are compelled, however, to explain the abrupt disappearance of the continuum radiation, and, as we shall discuss in the next section, a simple way of 'turning off' the radiation is by inserting a high-density barrier between the spacecraft and the source of the radiation.
There are other examples of event 14 Carried to an extreme. Several of the Table 2 events It is important to put the numerous tail-related observations into perspective with other, similar observations. Table  1 Tables 1 and 2 Further evidence that the probability of a tail encounter increases as the nominal tail position is approached is shown in Figure 6 . For the analysis illustrated we have attempted to assign a figure of merit to each of the events in Table 2 The two plus signs in Figure 5 are included as detections of continuum radiation but are digtinguished because they are made on the basis of wideband measurements, which are more sensitive than the spectrum analyzer measurements used to compile the data in Table 1 and the table in and is thought to be the emission responsible for the three questionable continuum radiation events at the end of Table  1 . The source of this interference tone is currently unknown, but we feel certain it enters through the antenna used in common with the planetary radio astronomy instrument. The interference is at a frequency which is probably within the passband of the 1.2-kHz planetary radio astronomy channel used by Lepping et al., and hence we suggest caution be used in the interpretation of their events num- 
INTERPRETATION OF THE DISTANT OBSERVATIONS OF JOVIAN CONTINUUM RADIATION
In this section we shall attempt to lay out a self-consistent interpretation of the observations of continuum radiation and the simultaneous plasma measurements at large distances downstream from Jupiter. First, we shall look at the new data presented in this paper and suggest a simple explanation of the continuum radiation events taken individually and argue that the 'core' regions are, indeed, passages through at least a portion of the distant Jovian magnetotail. Second, we examine all the observations presented here and in Kurth et al. [1981] in order to piece together a gross overview of the possible distant tail structure.
Model for an Individual Tail Encounter
The majority of the events listed in Table 1 are similar to those depicted in Figures 1 and 2 and consist of a broad region of moderately low densities, typically 3 x 10 -2 ½m -3 with one or more 'core' regions of much lower density (---3 x 10 -3 ½m -3) and with durations of about a day or less. We suggest the most likely interpretation is that the core regions are actual encounters with the distant Jovian magnetotail or part thereof and the surrounding, moderately low density regions are the magnetosheath, or perhaps more appropriately, the wake. We prefer the term wake since one might argue that the magnetosheath extends to the bow shock, which is noticeably absent in these observations and may be The remaining argument favoring the interpretation of the continuum radiation events as tail encounters forms the very basis for this study, which relies almost entirely on the use of the radiation as a tracer for the Jovian magnetosphere. This rationale has been given in detail by Kurth et al. [1981] , so we shall only briefly review the line of reasoning here. The key lies in the fact that planetary magnetospheres are the only apparent sources of the diffuse nonthermal radiation studied herein. Since the radiation is usually detected at frequencies well below the nominal solar wind plasma frequency, the existence of a low-density path between the planetary source and the spacecraft is implied. At the heliocentric radial distances of Jupiter and Saturn, the Parker spiral direction is approaching 90 ø with respect to radial, hence most solar wind structures would not be expected to align in the antisolar direction from Jupiter. One might argue that some of the radiation has its source at Saturn, but this still requires a radial structure such as the Jovian tail to provide the low-density path to the spacecraft since Voyager 1 detected no continuum radiation upstream of Saturn at a time when it was not likely for Saturn to be in Jupiter's tail. The presence of 10-hour periodicities in the continuum radiation amplitude noted in some cases also implies a source at Jupiter.
The wake region is an ill-defined region, since there is little to distinguish it from the normal solar wind. Plasma measurements reveal densities, temperatures, and flows that are not unlike low-density regions of the solar wind. For the February 1981 event (event 12), Lepping et al. report southward-draping magnetosheath fields for •-day intervals before and after the core event; on this basis they suggest that the wake region is very similar to a magnetosheath. We can only speculate that the low densities in the wake regions are due to geometrical shadowing or some other solar wind-tail interaction. We do not feel compelled to characterize the wake regions rigidly until further studies of the plasma and magnetic fields within them are complete.
In Figure 8 we give a stylized sketch of a typical tail interaction region showing both the wake and core areas. The shading represents trapped continuum radiation and is darkest in the core region where the radiation is most intense and extends to the lowest frequencies. In this illustration we have labeled the core region as a tail filament, which we immediately point out is only one possibility. The size scale on the abscissa is based on the assumption that the structure was stationary in the Jupiter-centered system, and the component of the spacecraft velocity perpendicular to the structure (---10 km/s) is the only relevant velocity. Hence, the width of the filament is solely determined by the duration of the core event--in this case about a day. Strictly speaking, this is not a lower limit to the width, since the velocity of the filament could conceivably track the spacecraft. We suggest, however, that this is probably as unlikely as a motionless filament and, therefore, believe filaments on the order of 10 Rs in width are perhaps the smallest structures to be considered. It is more likely that the filament is moving across the spacecraft with a much larger velocity than 10 km/ s, since some motion (including expansion) was obviously necessary to put the tail or filament in a position to be observed, and hence it could be much larger than 10 Rs. A schematic of the geometry of this type of tail encounter is given by Lepping Tables 1 and 2 reveals a tendency for events to occur roughly a month apart and, Lepping et al. report a periodicity of 26.5 days between events. This is so close to the solar rotation period that further formal analysis will almost certainly show a real relationship. In fact, it would be reasonable to expect a direct solar wind influence on such a large, tenuous structure so distant from its source. Analysis of the plasma data indicates events are often observed at the trailing edges of solar wind streams where the ram pressure minimizes. Hence, it is clear that the tail sightings could very easily be associated with an expanded tail in response to a decrease in the external pressure. Further analysis of the plasma data leading to a better understanding of the solar wind's control of the tail is the subject of a forthcoming paper.
One theoretical question that will have to be examined before a good understanding of extended tail dynamics is in hand will be the stability of such a structure. Clearly, if tail expansion is accompanied by decreasing magnetic field strength, as appears to be the case for most of the events (R. P. Lepping, private communication, 1982 [1981] explained these as being continuum radiation generated within the Jovian magnetosphere and as having escaped the magnetospheric cavity via a low-density solar wind trough acting as a waveguide or light pipe. We believe this to be a valid explanation, particularly for those events well off the Jupiter-sun line. As the trajectory of Voyager 2 swings back into the downstream direction, though, we suggest that the noncore events may also be interpreted as close brushes with the tail but without actual penetration. The low-density regions defined by these events, then, are not just low-density structures in the solar wind but actual wake regions associated with the solar windtail interaction.
It is difficult to determine an upper limit to the nominal width of the tail on the basis of the data presented herein, although from Figures 3 and 5 it is apparent that a tail normally > 1000 Rj wide is much too large, since Voyager 2 would have been in the tail for a much longer, more continuous interval. We suspect, then, a tail width of several hundred Jupiter radii would be more reasonable. It is possible, though, that temporary expansions of the tail might explain some of the sightings. It is also difficult to rule out a filamented tail; however, the individual filaments would have to be on the order of 10 R j, or larger, in width. If the tail were highly filamented with many smaller structures, several very brief (a few minutes) encounters would have been observed, and there is no evidence for these. Kurth et al. [1981] have suggested the Jovian magnetotail may have a structure similar to the plasma tails of comets, and in fact, photographs of the plasma tails of many comets often show a few (less than 10) distinct tail filaments, cf., Brandt and Mendis [ 1979] .
The plasma wave data offer one possible method of determining an upper bound to the cross-sectional area of the tail. If one assumes (1) that the source of continuum radiation is near Jupiter, (2) that the tail is lossless for electromagnetic waves within the tail at frequencies below the solar wind plasma frequency, and (3) that eventually the tail extends to a downstream position where the wave frequency is greater than the solar wind plasma frequency so that waves escape into free space, then the Poynting flux will vary inversely with the cross-sectional area of the tail (whether it is singular or filamented). 2. Tail encounters occurred quasi-periodically, approximately once per month, implying direct solar wind control.
3. Several entries into the tail occurred at the trailing edge of solar wind streams when the ram pressure was a minimum, suggesting simple tail expansion could explain the sightings, although deflection of the tail is also consistent with the observations. (We note, however, that current evidence from the plasma and magnetometer investigations for the pressure balance required for an expanding tail does not exist unless there is a hotter plasma present that would not be observable by the plasma instrument.) 4. Encounters with the Jovian tail showed the deepest
